stress, maintained higher rates of photosynthesis compared to unfed colonies, probably due to 1 0 1 a positive effect of increased nutrient availability, or to a thicker tissue, or to a higher supply 1 0 2 of energy. This study was therefore performed to test the first hypothesis, i.e. that a supply of to thermal stress. We thus hypothesized that the response of T. reniformis to a thermal stress 1 0 5
will depend on the nutritional status of the coral holobiont. Heat stressed colonies maintained 1 0 6
in poor-nitrogen waters will decrease their symbiont concentration, chlorophyll levels and 1 0 7
rates of photosynthesis and calcification, as observed many times (Hoegh-guldberg, 1999 ;
Baker, 2001; Tchernov et al., 2004) . Conversely, nitrogen-enriched colonies may be able to 1 0 9
keep their symbiont population and their rates of photosynthesis at an optimal or at least a proper level to ensure their resilience to thermal stress. In addition, we also investigated the 1 1 1 xanthophyll de-epoxidation process in nitrogen enriched and non-enriched corals submitted to 1 1 2 a thermal stress. In many algae, this process quenches energy from excess light and is 1 1 3 therefore activated during exposure to high irradiance levels or in presence of some and fed once a week with Artemia salina nauplii at repletion. Nubbins were then equally divided into eight 20 L tanks (3 nubbins per colony and per 1 2 5 tank), with a renewal rate of 8 times per day. Feeding was stopped, to avoid any interaction
with the addition of inorganic nitrogen (Grover et al., 2002) , and light was maintained at 200 enriched, during four additional weeks, with 3 µM ammonium (NH 4 ), while the other half inorganic nutrients were monitored twice a week in each tank, using an autoanalyser (Proxima, tanks following a limited seawater renewal or mixing.
0 7
In few experiments involving moderate increase in nitrogen and/or phosphorus levels, was an increase in cellular chlorophyll levels, this increase was counterbalanced by a decrease 4 1 3 in symbiont density. Therefore, no main physiological changes, in terms of calcification,
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 1 8 photosynthesis, and respiration were observed in these non-stressed enriched nubbins.
1 5
Stambler (1998) and Sakami (2000) also concluded to a lack of ammonium effect on the following the decrease in photosynthetic rates and carbon translocation of the symbionts. In this study, however, rates of photosynthesis, either normalized to the surface area or to the 4 2 7
total chlorophyll content, were not different between N-enriched and control corals,
suggesting that the photosynthesized carbon, instead of being released as junk food, was 4 2 9
combined to nitrogen and kept for the coral metabolism. sources in these organisms (see discussion by Swart et al. (2005) . In this study, the largest 4 3 5 change was observed in the symbionts (-4‰), which are the main site of ammonium assimilation (Grover et al., 2002; Pernice et al., 2012) . Moreover, the observation that the The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 1 9
translocation (Muscatine et al., 1989; Swart et al., 2005 Also, in higher plants, more than half of the total nitrogen is allocated in the photosynthetic 4 5 7
apparatus (Makino and Osmond, 1991) .
Conversely to non-stressed corals, a moderate increase in ammonium helped heat- stressed nubbins to maintain photosynthetic pigment levels close to their optimal 4 6 0 concentration, and to prevent a large decrease in the rates of photosynthesis. As calcification 4 6 1 is tightly linked to photosynthesis in symbiotic corals (Gattuso et al., 1999) , it was also changes in the light-harvesting complexes promoting energy dissipation (Szabo et al., 2005) .
All these pigments have also a role in membrane protection and in the inhibition of lipid peroxidation (Havaux and Niyogi, 1999; Tardy and Havaux, 2007) . As a result of thermal
stress, photosynthetic activity was completely impaired in heat-stressed corals (100% importance of nitrogen addition in the maintenance of high rates of photosynthesis under
thermal stress is comparable to the one observed during an elevation in pCO 2 level (Atkinson , 1995; Cohen and Holcomb, 2009; Holcomb et al., 2010; Chauvin et al., 2011) . The explanation given in this latter case was that nutrient-enriched corals experienced DIC surface seawater layer isolated from the deep-colder waters). In such conditions, this surface
layer becomes also rapidly nutrient-depleted, affecting coral's capacity to resist to thermal equilibrium of the symbiotic association in some scleractinian coral species during thermal
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT 2 2 stress conditions. In particular, nitrogen addition maintains high levels of photosynthetic and
photoprotective pigments in the symbionts, and allows maximal rates of photosynthesis. scientific support. We also thank two anonymous reviewers for their helpful comments. This
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